study of card and blowroom workers in 14 cotton spinning and two man-made fibre spinning mills in Lancashire has been carried out on a prospective basis of six-monthly examinations over three years. The number of operatives to be included was decided so as to give a sufficient sample for the statistical assessment of fall in FEV, at the same time allowing for population movement. The examination ofeach worker included a history, a questionnaire of respiratory symptoms, and a measurement of forced expiratory volume in one second. The results in this paper, which will be followed by others on other aspects of the survey, give the prevalence of both byssinosis and bronchitis, according to the definition given, in the 1 359 cotton workers and 227 man-made fibre workers, seen at least once, and also the dust levels in the mills. Eight of the mills processed coarse and six medium cotton.
) and the prevalence is highest in those occupations, i.e., carder, stripper, and grinder, in which serious disability has historically occurred (Home Office, 1932) . Similarly, the symptom is present but the prevalence is low, in ring spinners in whom respiratory disability of occupational origin is rarely found. These facts support the view that Monday tightness is a specific symptom of byssinosis and that the appearance of the symptom itself may be followed in the susceptible individual by permanent disability. The diagnosis of 225 the disease depends to a very great extent upon the voluntary admission that chest tightness occurs on the first day back at work after the weekend or longer period, and it is upon this fact that these population studies have been based. A questionnaire on respiratory symptoms (Medical Research Council, 1960) , to which have been added questions concerning Monday tightness, has been used in the original and subsequent investigations of Schilling and others (Schilling et al., 1955; Roach and Schilling, 1960; Mekky, Roach, and Schilling, 1967) . The prevalence and environmental data from one study (Roach and Schilling, 1960) form the basis of the recommended threshold limit value for cotton dust in cardrooms, i.e., 1 mg total dust per m3 air.
The conclusions which arose from the work of Roach and Schilling (1960) , together with those of McKerrow and his colleagues (McKerrow, McDermott, Gilson, and Schilling, 1958) , form the basis of this prospective study, which had four main objectives. These were to investigate: (a) the quantitative relationship between dust exposure and permanent respiratory impairment; (b) the relationship between the change in pulmonary function during the day and permanent respiratory impairment; (d) individual susceptibility and adaptation; and (d) effectiveness of dust suppression equipment.
The concentrations of total dust and its respirable, medium and fly components have been measured by hexhlet and total samplers and the annual decline of forced expiratory volume (FEV1) has been used as the criterion of permanent respiratory impairment. The change in FEV1 has also been used to assess the change in ventilatory capacity during the first day back at work.
The small magnitude of the annual decline of FEV1 in cotton operatives, which is now known to be of the order of 50 ml per year, required the survey to be planned prospectively over a period of three years. From 1963 to 1966 from one to six serial measurements of FEV1 were made on each of 1 359 operatives employed in Lancashire cotton mills. Similar tests were made on 227 operatives working in similar occupations in two mills processing only man-made fibre. A record of respiratory symptoms was obtained for all operatives on their first interview, and the concentration of dust was determined in appropriate working areas of the cardroom. The respiratory symptoms of 669 of the operatives were recorded for a second time two years after their initial interview.
The purpose of this paper is to report upon the prevalence of respiratory symptoms and to discuss the effectiveness of dust suppression equipment. The inter-relationship of dust exposure, annual decline in FEV1, and the change in pulmonary function during the day will become the topics of subsequent more detailed publications. Our findings are particularly relevant following the installation of approved dust control hoods on cards (Ministry of Labour, 1957 Labour, , 1960 Labour, , 1961 and also following the observations of Wood and Roach (1964) , which suggested that there is a continuing risk of respiratory disease in spinning processes.
Population
The operatives seen during the period 1963-66 worked in the blowing, carding, and associated processes of 16 Lancashire mills, of which eight processed coarse cotton, six processed medium cotton, and two processed manmade fibre.
The count of yarn spun in the medium mills ranged from 10 to 50 (60 to 12 Tex) and 1 to 24 (600 to 25 Tex) in the coarse mills. The trash (i.e., plant debris) content of the raw cotton ranged from 2 to 9 % in medium mills and from 1 to 9 % in coarse mills. Three mills incorporated man-made fibre into their product in proportions of 20 %, 25 %, and 16 % respectively. The remaining 11 mills processed only raw cotton.
Out of a known total population of 1 857 operatives aged 15 to 65 years, 1 586 were interviewed. Of the 271 who were not interviewed, 151 were non-English speaking and the remainder were either absent from work or refused to attend (Table 1) . .. 84-9 88-7 Of the total of 1 359 cotton operatives, 1 208 were interviewed during the first mill visit and the remainder on one or other of the subsequent visits. Table 2 shows the numbers of male and female operatives employed in the three types of mill. Method Prevalence of respiratory symptoms The prevalences of byssinosis and bronchitis were determined by the use of a questionnaire on respiratory symptoms (Medical Research Council, 1960) to which were added questions on chest tightness (Roach and Schilling, 1960) .
Byssinosis was classified as follows:
Grade J Occasional chest tightness on Mondays
Grade I Chest tightness and/or difficulty in breathing on Mondays only Grade II Chest tightness and/or difficulty in breathing on Mondays and other days.
Monday cough and irritation of the respiratory tract were not included as symptoms of byssinosis.
The prevalence of bronchitis is based upon the recommendations of the Medical Research Council (1966) . Answers to questions 10, 12, and 21 of the questionnaire on respiratory symptoms were graded as follows:
Grade 1 Chronic phlegm (Q10) but no periodically increased phlegm (Q12) or chest illness (Q21)
Grade 2 Chronic phlegm (QIO) and increased phlegm on one occasion (Q12b) and/or chest illness on one occasion (Q21)
Grade 3 Chronic phlegm (QIO) and increased phlegm on more than one occasion (Q12c) and/or chest illness on more than one occasion (Q21).
The questionnaire was also used to provide information on age, present and previous occupation, length of exposure to cotton dust, and smoking habit. The term 'smoker' applies to all operatives who smoked one or more cigarettes per day regularly.
Dust concentrations
Hexhlet (Wright, 1954) and total samplers were used to measure the mass concentration of the respirable, medium, and fly components of the total dust. The fly fraction was deposited upon a 2 x 2 mm gauze attached to the face of the total sampler and consisted mainly of cellulose fibre. The respirable fraction was collected on a 7-cm Whatman GFB disc of a hexhlet sampler and consisted of particles with a Stokes diameter of less than 7 p. The medium fraction was collected in combination with the respirable fraction on the filter disc of the total sampler and its mass was determined indirectly. The particles of the medium fraction range from fibres of fly up to 2 mm in length to particles of cellulose fibre and plant debris of 7 , Stokes diameter. The hexhlet and total samplers operated at a rate of 50 1 /min and 100 1 /min respectively. The method is similar to that used by Roach and Schilling (1960 
Results

Prevalence of byssinosis
The overall prevalence of byssinosis in cotton 2 operatives, shown in Table 3 , was 2617 %. The prevalence was slightly greater in men than in women and in both sexes grade 1 symptoms were the most common. Symptoms similar to those of byssinosis occurred in 10 (4 4%) of the total population of the man-made fibre mills and all 10 had a previous history of exposure to cotton dust. Six of these operatives had been working in cotton mills within five years of the start of the investigation. Prevalence in 10 occupations The occupations of card tenting, drawframe tenting, and speedframe tenting were staffed almost entirely by female operatives, consequently the small numbers of male operatives employed in these occupations have been excluded from the analysis. Blow-room operatives, carders, undercarders, and strippers and grinders were all male. Table 4 shows the prevalence of byssinosis grades i, I, and II in each occupation and the mean length of exposure, in years, to raw cotton. Seven of the 10 occupational groups were found both in coarse mills and in medium mills and, in all except blowroom operatives, the overall prevalence of byssinosis was greatest in operatives employed in coarse mills. Of the remaining occupations, comber tenters were found only in medium mills and ring spinners were seen only in coarse mills. The number of wastemen (2) but, after adjustment for exposure, there is a steady was also made for the type of cotton processed and decline in prevalence from the age of 30 years sex by including mill type/sex constants in the above onwards (Table 5a , col. 4). The effects of age and method. Adjusted prevalences were then calculated exposure were separated by fitting additive age and by applying the direct method of standardization exposure efforts to the logit transformation of to the expected prevalences. This approach gave a byssinosis prevalence (Berry, 1970) and adjustment satisfactory fit to the data except for women with Occupational risk in approved conditions The overall prevalence of disease in the occupations shown in Table 4 is based upon groups whose average lengths of exposure to raw cotton vary from 6-8 to 28-0 years. As such these data give no real indication of the risk of developing the disease since the installation of the approved dust control systems (Ministry of Labour, 1957 , 1961 Prevalence of bronchitis The prevalence of grades 1, 2, and 3 bronchitis is compared for both sexes in cotton and man-made fibre and for smoking habit and byssinosis in Tables 8 (a, b) and 9 (a, b) . In cotton mills bronchitis of all grades is more prevalent in smokers than in non-smokers, and this is most noticeable in men with grade 1 bronchitis. In the comparison of cotton and man-made fibre operatives the greatest difference is (Table 10 ). This is not apparent in all three grades but, because of possible age dependence, Tables 8 and 9 also show the age-adjusted prevalence. The interpretation of the results is similar in both cases.
Concentration of dust in cotton mills
The average concentration of total dust in coarse mills in the areas of the cards, drawframes, and speedframes was 3-1 mg/m3 compared with 1 2 mg/in3 in medium mills. The concentration of each dust fraction, with one exception, was also greater in coarse mills. Thirteen cardrooms had average total dust levels (Table 12) shows that in medium mills dust level decreases as the distance from the cards increases, but in coarse mills cards and drawframes produced less dust than speedframes, which were mostly of the newer, high speed type. The cards produced less fly and more respirable and medium dust than four of the subsequent processes, but in coarse mills the speedframes produced comparable levels of the respirable fraction.
Discussion
A number of previous reports and investigations give some indication of progress towards the control of respiratory disease in Lancashire cotton operatives. The fitting of the first approved dust control systems to carding engines resulted in a substantial decrease in total dust concentration and also a subjective decrease in the severity of the symptoms of some operatives (Ministry of Labour, 1957 Labour, , 1960 Labour, , 1961 . The improvement in the environment also appears to have reduced the risk of bronchitis which was prevalent earlier in the century (Home Office, 1932) , as the Ministry of Pensions (1965) found that textile workers had a lower prevalence of bronchitis than expected on the basis of age and geographic location. Similarly, Lammers, Schilling, and Walford (1964) could find no significant difference in bronchitis prevalence between cardroom and spinning room operatives. As regards byssinosis, however, Wood and Roach (1964) found no evidence of a decreased prevalence of Monday tightness in the cardrooms of a small number of mills, and they found no consistent reduction in the atmospheric concentration of the finer dust fractions. The present study now shows that byssinosis was still prevalent in Lancashire mills in 1966; that total dust levels exceeded the TLV of 1 mg/m3 in the majority of processes and that bronchitis, in its different forms, was more prevalent in cotton operatives than in man-made fibre operatives. Some of the occupational groups consist of small numbers, but the prevalence of disease in these groups is of interest in relation to their cardroom location. The relatively high prevalence in ring spinners may be due to the fact that in previous studies, unlike this one, ring frames have been segregated from the cardroom. The high prevalence of byssinosis in wastemen in coarse mills reflects the relatively primitive methods of waste handling which were found in some parts of the industry.
A more precise interpretation of our findings on bronchitis will be attempted in a future paper when data concerning atmospheric pollution, grade of smoking habit, and details of dust exposure will also be presented. The difference in prevalence of bronchitis between the various groups of operatives is still sufficient to show that bronchitis of one type or another is increased in operatives with byssinosis, and consequently that exposure to raw cotton has been great enough in recent years either to produce or to be involved in the development of bronchitis. In non-byssinotics the most marked prevalence of bronchitis occurs in operatives who are exposed to cotton and who also smoke. The effect is seen mainly in bronchitis grade 1. In byssinotics the increased prevalence in grade 1 bronchitis is also accompanied by an increased prevalence of grades 2 and 3 in both sexes, irrespective of smoking habit. Thus cotton workers appear to be exposed to a risk of bronchitis which increases with smoking and with the development of byssinosis. Our finding of a relationship between occupation and bronchitis prevalence is in general agreement with the findings of Pemberton (1968) and Lowe (1968) but a detailed comparison with these and other investigations (Ministry of Pensions, 1965; Lammers et al., 1964; Medical Research Council, 1966) is difficult due to differences in the concept of 'bronchitis'.
The effect of smoking habit on the prevalence of bronchitis in man-made fibre operatives is less consistent than might be expected and may be due to two factors. The first factor is our crude method of grading smoking habit and the second is that the great majority of the man-made fibre operatives had been exposed to cotton at some time in their working life; 59% of the total number had been exposed within five years of the start of this survey.
Some trends of the prevalence of respiratory symptoms may be explained by movement of labour in the industry, namely the significantly low prevalence of byssinosis in young operatives of less than 25 years of age and the decreasing prevalence in operatives with more than 30 years' of exposure. The latter has been noted in previous studies (Schilling et al., 1955 Failure to control the disease can be attributed to a variety of reasons. The first is that approved dust extraction systems were only required to be fitted to the cards, whereas at least 50% of the cardroom population are employed on draw and speedframes. There is no doubt that a hazard exists in both these processes and that ringframes which process coarse yarn and which are also located in the cardroom are sufficiently hazardous to require some atmospheric control. A possible hazard in winding rooms, again where dust control is normally absent, has already been reported (Mekky et al., 1967) . Another reason concerns the method of approval of the dust extraction systems and the failure to assess their performance in subsequent use. The systems were approved in terms of 'efficiency' by comparing the atmospheric dust level during carding with and without dust extraction (Ministry of Labour, 1957 Labour, , 1960 Labour, and 1961 , but these dust levels were not linked with a physiologically acceptable level of dust, such as the TLV suggested in 1960, though admittedly this was put forward after many installations had already been carried out. The need for checking the continuing efficiency of these measures after installation also was not fully realized.
Even though the recommended TLVrefers to total dust exposure, there is a strong case for measurement of the finer dust fractions, as will be referred to in a subsequent paper, since lit is unlikely that anything other than the medium and respirable fractions can reach the lower respiratory passages. In the group of 14 mills, the proportion of the medium and respirable fractions varied from 32 to 15 and from 30 to 10% respectively. A similar variation occurred from process to process. It will thus be seen that the proportion of fly in the total dust is high and, if the figure for total dust is taken alone, it can conceal substantial variations of the other fractions. However, until the precise relationship between fine dust and risk of disease is known, it still seems necessary to adhere to the accepted criterion of total dust as an assessment of risk. 
